Meiotic studies carried out in the diploid (2nϭ2xϭ16) Clematis flammula L. revealed the occurrence of cytomixis. Chromatin transfer is observed from early prophase up to tetrad stage. Although the percentage of PMCs involved in chromatin transfer is low, but it definitely impairs the meiotic process. Cytomixis induces various other associated meiotic abnormalities which are observed at different meiotic stages. These meiotic abnormalities include; chromatin stickiness, laggards and chromatin bridges at anaphases and telophases, spindle abnormality, micronuclei at telophases and tetrad stages, micromicrospores and included micronuclei in microspores. Consequent to chromatin transfer, some pollen malformation and pollen grains of heterogenous sizes are resulted which are classified into small, medium and large sized. Another interesting phenomenon which has been observed during the present study is the occurrence of included micronuclei in the microspores and micrmicrospores in tetrads. Cytomixis and other meiotic abnormalities are reported for the first time in the species. We here also report for the first time the occurrence of B-chromosome in the species.
Clematis flammula L. (Ranunculaceae), known as 'fragrant virgin's bower' is a deciduous woody vine bears fragrant white flowers during July-September. The species which is native to southern Europe and northern Africa is cultivated worldwide as an ornamental in the gardens. It is also used by rural populations in Algeria to treat rheumatoid arthritis, burns and superficial wounds (Atmani et al. 2009 (Atmani et al. online published in 2008 . Antioxidant activity in the extracts of this plant has also been studied from Algerian populations (Nadjet et al. 2008 , Atmani et al. 2009 online published in 2008 . As far as the chromosomal studies are concerned, the species uniformly exists at diploid level (2nϭ16) based on xϭ8 from India (Bir et al. 1987) as well as from other parts of world (Meurman and Therman 1939 , Kurita 1957 , Pastor et al. 1988 ) except for a single report of the diploid aneuploid cytotype (2nϭ18) from India by Roy and Sharma (1971) . All these studies pertain to only chromosome counts in the species and so far no attempt has been made to study the detailed meiotic course. We here for the first time report the phenomenon of cytomixis which seems to be responsible for abnormal meiotic course, pollen size variability and pollen sterility in the species.
Materials and methods
The material for cytological studies has been collected from the cultivated plants in the Botanic Gardens of Punjabi University, Patiala. Voucher specimens are deposited in the Herbarium, Department of Botany, Punjabi University, Patiala (PUN). Buds of suitable sizes were fixed in Carnoy's fixative after which they were transferred to 70% alcohol and stored in refrigerator until use. Pollen mother cells were prepared by the squash technique and stained with 1% acetocarmine. A number of freshly prepared slides were carefully examined to determine the chromosome number at different stages and meiotic abnormalities. Pollen fertility was estimated using glyceroacetocarmine (1 : 1) mixture. Well filled pollen grains with stained nuclei were taken as apparently fertile while shrivelled and unstained pollen grains were counted as sterile. Pollen grain size was measured using Occulomicrometre. Photomicrographs of pollen mother cells and pollen grains were made from the freshly prepared slides using Nikon 80i eclipse microscope.
Results
Detailed meiotic investigations carried out in the species revealed the occurrence of eight large sized bivalents at metaphase-I ( Fig. 1a ). However, owing to the high frequency of chromatin stickiness, the chromosomes were counted clearly in only few PMCs. The sporophytic chromosome count of 2nϭ16 is also confirmed from the presence of 16 chromosomes at metaphase in somatic cells ( Fig. 1b) . Besides, the occurrence of one B-chromosome has also been observed in few somatic cells ( Fig. 1c) .
Cytomixis, the inter PMC transfer of chromatin material is observed from early prophase ( Fig.  1d ) up to tetrad stage. However, the frequency of chromatin transfer among proximate PMCs is recorded to be relatively high at metaphase-I ( Fig. 1e ) than other stages. The transfer of chromatin material at tetrad stage is either within the microspores of same tetrad (Fig. 1f ) or between the microspores of adjacent tetrad (Fig. 1g ). Further, the complete fusion of microspores within the tetrad is also observed (Fig. 1h ). The transfer of chromatin among proximate PMCs is generally observed to be unidirectional. In some cases clumping of chromatin material against the cell wall make it difficult to ascertain the direction of chromatin transfer (Fig. 1i ). The chromatin transfer which is existent in 2.3% PMCs involves only 2-3 PMCs. The transfer of chromatin is in clumped form and it forms a broader head while it enters to recipient PMC. Extra chromatin material due to cytomixis is also observed in PMCs at different stages (Figs. 1j, k) . The PMCs showing broken chromatin connections which were present between the adjacent PMCs are also observed in some instances (Fig.  1l ). Consequent to cytomixis, various other associated meiotic abnormalities have also been observed during the meiotic course which include; chromatin stickiness, laggards and chromatin bridges at anaphases and telophases, spindle abnormality, micronuclei at telophases and tetrad stages, micromicrospores and included micronuclei in microspores.
Chromatin stickiness is one of the most frequently observed meiotic abnormality in the PMCs during early meiotic stages and continued up to the final stages of meiosis ( Fig. 1m ). Chromatin bridges (1-2) resulting from the stickiness are observed in 1.92% PMCs during anaphases and telophases (Fig. 1n ). Laggards (1-2) are noticed in 6.21% PMCs at anaphase-I/II (Fig. 1o ). Unori-2009 383 Cytomixis induced meiotic abnormalities in Clematis flammula L. and chromosome stickiness at poles. p) Unoriented chromosomes (arrowed) at telophase-II. q) Micronucleus (arrowed) at tetrad stage. r) A tetrad showing two microspores with one micronucleus each (arrowed) and two normal microspores. s) A micromicrospore (arrowed) in a tetrad. t) A tetrad showing micromicrospore (arrowed), microspore with an included micronucleus (arrowed) and two other normal microspores. u) Two apparently fertile different sized pollen grains. Scale barϭ10 mm in all figures except Fig. 4 (20 mm) .
ented chromosomes in the form micronuclei (1-3) as a result of spindle abnormalities are observed at telophase-II (Fig. 1p) . These micronuclei which are present in 5.12% tetrads either exist individually as a separate unit or are included in the microspores (Figs. 1q, r) . Micromicrospores are also observed other than the normal sized microspores in the tetrads (Fig. 1s ). Micromicrospores and included micronuclei can be seen simultaneously in the same tetrad (Fig. 1t ). Consequent to chromatin transfer, some pollen malformation (8.27%) and pollen grains of heterogenous sizes are resulted (Fig. 1u ). Depending upon their size, the pollen grains are classified into three categories as small (20.22ϫ20.02 mm), medium (25.48ϫ25.48 mm) and large sized (41.24ϫ38.40 mm) . The frequency of medium sized pollen grains (93.96%) is more compared to the small (4.52%) and large sized (1.52%).
Discussion
The present diploid chromosome count of nϭ8 and 2nϭ16 in the species is in conformity with the earlier reports from India as well as outside India. The single report of an aneuploid cytotype with 2nϭ18 by Roy and Sharma (1971) from India needs reinvestigation. We here for the first time report the occurrence of B-chromosome in the species. Occurrence of B-chromosomes in somatic cell in plants is rather rare. Besides, the inter PMCs transfer of chromatin and other meiotic abnormalities are also reported for the first time in the species.
Although the percentage of PMCs involved in chromatin transfer is low, but it definitely impairs the meiotic process. The various meiotic abnormalities caused due to chromatin transfer result into chromatin stickiness, laggards and chromatin bridges at anaphases and telophases, spindle abnormality, micronuclei at telophases and tetrad stages, micromicrospores and included micronuclei in microspores. Owing to low frequency of cytomixis and meiotic abnormalities pollen fertility in the species is not seriously affected. Similar observations regarding the chromatin transfer and associated meiotic abnormalities and not affecting the pollen fertility to considerable extent has been reported in Dactylis (Falistocco et al. 1995) , Hippophae rhamnoides (Singhal et al. 2008) and Caltha palustris (Kumar and Singhal 2008) . However, the chromatin transfer in the species surely resulted in the production of heterogenous sized pollen grains that are classified into three categories as small, medium and large. The large sized pollen grains are almost double the size of medium sized pollen grains and seem to be the product of hyperploid PMCs which might have resulted from complete chromatin transfer. The small pollen grains may be the product of hypoploid PMCs resulted from partial transfer of chromatin. Similar kind of observations regarding the production of heterogenous sized pollen grains as a result chromatin transfer have been reported in Sorghum bicolor (Ghaffari 2006) , Caltha palustris (Kumar and Singhal 2008) , Withania somnifera (Singhal and Kumar 2008a) , Meconopsis aculeata (Singhal and Kumar 2008b) and Hippophae rhamnoides (Singhal et al. 2008) .
Anther interesting phenomenon which has been observed presently in the species is the occurrence of included micronuclei in the microspores in tetrads. Such kind of included micronuclei may be resulted due to the late inclusion of lagging chromatin into the nuclei at telophase-II. The lagging chromatin which fail to incorporate into the telophase-II nuclei remain outside the microspore as micronuclei. These outside micronuclei may also form the micromicrospores depending upon the constitution whether there is present 1, 2 or more chromatids. Similar observations related to the occurrence of included micronuclei and micromicrospores have been reported in Lathyrus hasslerianus by Seijo and Neffa (2006) .
